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SPECIFICATION 

1 . Title of the Invention 

Method for Manufacturing Photovoltaic Element 

2. Scope of Claim for Patent 

A method for manufacturing a photovoltaic element comprising the steps of: 
forming sequentially a first amorphous semiconductor layer formed by amorphous 
silicon germanium or amorphous germanium on a substrate, and forming an amorphous 
silicon layer; performing heat treatment to crystallize each of the amorphous layer, 
thereby forming a first polycrystalline semiconductor layer formed by polycrystalline 
silicon germanium or polycrystalline germanium, and a polycrystalline silicon layer. 

3. Detailed Description of the Invention 
[Industrial Field of Application] 

The present invention relates to a method for manufacturing a photovoltaic 
element used as a solar battery, a light sensor, or the like. 
[Prior Art] 

Generally, a photovoltaic element is formed by stacking sequentially a 
transparent electrode; a three-layered amorphous semiconductor layer having p-type 
conductivity, i-type (intrinsic) conductivity, and n-type conductivity, respectively; and a 
backside electrode on a transparent substrate such as glass. 

Despite of an advantage of a low cost of the photovoltaic element, there has 
been a problem that photoelectric conversion efficiency is lower than that of a 



photovoltaic element using crystal type silicon. 

A photovoltaic element using an amorphous semiconductor layer has luminous 
sensitivity of 300 to 800 nm. Moreover, a photovoltaic element having sensitivity in 
longer wavelength side has been required. 

Hence, a photovoltaic element using crystal type polycrystalline silicon has 
been a focus of attention. Polycrystalline silicon has mobility that is two orders of 
magnitude higher than that of amorphous silicon. Moreover, the polycrystalline silicon 
is stable thermally and has high reliability. Further, the polycrystalline silicon has 
wide luminous sensitivity of from 300 to 1100 nm. 

Conventionally, polycrystalline silicon is formed in accordance with the 
following so-called solid growth procedure, that is, amorphous silicon is generally 
formed on a substrate by CVD to reduce a cost; the substrate is set in a vacuum vessel 
to be heat treated; and an amorphous silicon layer is crystallized by the heat treatment to 
form the polycrystalline silicon. 
[Problems to be solved of the Present Invention] 

Such the conventional method has a problem that solid growth temperature of 
500 °C or more is required to form directly polycrystalline silicon on a substrate, and so 
it is difficult to use glass that is a low cost substrate. 

Further, since only polycrystalline silicon is formed conventionally, a multi 
band gap photovoltaic element could not be formed. As a multi band gap solar battery, 
an element composed of two or more p/n junction elements or pin junction elements are 
nominated. However, there has been a problem that characteristics of an element using 
germanium (Ge) or silicon germanium (SiGe) as a power generation layer are poor, and 
that current to light of a long wavelength cannot be effectively taken. 

In view of the foregoing, it is an object of the present invention to lower solid 
growth temperature and to provide a method for manufacturing a multi band gap 
photovoltaic element. 
[Means for Solving the Problem] 

According to the present invention, a first amorphous semiconductor layer 
formed by amorphous silicon germanium or amorphous germanium, and an amorphous 



silicon layer are sequentially formed on a substrate; and heat treatment is performed to 
crystallize each of the amorphous layer; accordingly, a first noncrystalline 
semiconductor layer formed by polycrystalline silicon germanium or polycrystalline 
germanium, and a polycrystalline silicon layer are formed. 
[Operation] 

Amorphous silicon germanium (a-SiGe) or amorphous germanium (a-Ge) is 
subjected to solid growth at low temperature of 400 X. Therefore, solid growth of 
a-SiG or a-Ge is started by heat treatment at 400 °C. When the solid growth is reached 
to an amorphous silicon (a-Si) layer, a-Si is subjected to solid growth. The a-Si is 
subjected to solid growth at temperature of 400°C that does not lead to solid growth of 
the a-Si itself. 

Since a substrate, a semiconductor layer formed by polycrystalline silicon 
germanium or polycrystalline germanium, and a polycrystalline silicon layer can be 
formed in this order, a multi band gap photovoltaic element can be formed. 

Current can be effectively taken from a germanium layer or a silicon 
germanium layer. Conventionally, the current was difficult to be taken therefrom. 
[Embodiment] 

Hereinafter, an embodiment of the present invention is explained with 

reference to the drawings. 

FIG 1(a) and FIG 1(b) are cross-sectional views for showing a method for 
manufacturing a photovoltaic element according to the present invention. FIG 1(a) 
shows the state prior to the implementation of heat treatment. FIG 1(b) shows the 
state after the implementation of the heat treatment. 

As shown in FIG 1(a), a first amorphous semiconductor layer 2 is formed by 
a-SiGe or a-Ge on a substrate 1 formed by quartz or the like. 

The foregoing first amorphous semiconductor layer 2 is formed on the 
substrate 1 by plasma CVD. In case that an a-SiGe layer is formed as the first 
amorphous semiconductor layer 2, a material gas of Sill, and Gett, is used. In case 
that an a-Ge layer is formed as the first amorphous semiconductor layer 2, a material 
gas of GeH* is used. The ratio of Si and Ge in the a-SiGe layer can be freely varied by 



varying the gas flow ratio of S1H4 and GeH,). 

An amorphous silicon layer 3 is formed on the first amorphous semiconductor 
layer 2 by plasma CVD. A material gas of SiH* is used for forming the amorphous 
silicon layer 3. 

Thereafter, as described above, an amorphous type element formed by stacking 
sequentially the first amorphous semiconductor layer 2 and the amorphous silicon layer 
3 on the substrate 1 is set in a vacuum vessel, and is heat treated while holding 
temperature of 400 °C for approximately 10 hours. 

As shown in FIG. 1(b), so-called solid growth is occurred, that is, a first 
polycrystalline semiconductor layer 21 formed by polycrystalline silicon germanium or 
polycrystalline germanium, and a polycrystalline silicon layer 31 are formed by the 
crystallization of an amorphous semiconductor layer according to the heat treatment. 

At this time, a-Si itself is not subjected to solid growth at 400 °C; however, 
a-SiGe or a-Ge is subjected to solid growth at 400 °C. Accordingly, solid growth is 
reached to the a-Si layer 3. Hence, a-SiGe or a-Ge has an effect of promoting the solid 
growth of a-Si. 

Solid growth temperature relates to an amount of Ge. Solid growth 
temperature can be lowered with the increase in the amount of Ge. FIG. 2 shows the 
relationship between an amount of Ge and solid growth possible temperature. As FIG 
2 makes clear, solid growth temperature is lowered with the amount of Ge. Therefore, 
solid growth temperature can be lowered to the lowest level by using 
substrate/a-Ge/a-Si as a starting material. 

As noted above, solid growth temperature can be lowered, and a (multi hand 
gap) photovoltaic material formed by stacking semiconductors having different band 
gaps can be obtained by using as a starting material the substrate 1 on which the first 
amorphous semiconductor layer 2 formed by a-SiGe or a-Ge is formed, and the a-Si 
layer 3 is stacked thereon. 

A semiconductor layer 21 formed by polycrystalline silicon germanium or 
polycrystalline germanium has a band gap of 1.1 to 1.3 eV. A polycrystalline silicon 
layer has a band gap of 0.9 to 1.1 eV. 
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FIG 3 is a view for showing a configuration of a photovoltaic element using 
the multi band gap photovoltaic material. The element configuration is that an n-type 
polycrystallinc Ge 41, polycrystalline SiGe layer or polycrystalline Ge layer 42, a 
polycrystalline Si layer 43, and a p-type polycrystalline Si layer 44 are sequentially 

stacked on a substrate 1. 

FIG 4(a) to FIG 4(f) are cross-sectional views for showing manufacturing 
examples of the photovoltaic element shown in FIG 3 based on each process. A 
method for manufacturing the foregoing photovoltaic element is explained with 
reference to FIG 4. 

First, as shown in FIG 4(a), the n-type a-Ge layer 4 is formed on a quartz 
substrate 1 by plasma CVD, and subjected to solid growth, then, as shown in FIG 4(b), 
the n-type polycrystalline Ge layer 41 is formed on the quartz substrate 1. The n-type 
polycrystalline Ge layer 41 has -10 Q/piece as sheet resistance, and so it can serve as an 
electrode. 

And then, as shown in FIG 4(c), an amorphous semiconductor layer 5 formed 
by a-SiGe or a-Ge, and an a-Si layer 6 are formed by plasma CVD. By a solid growth 
method, as shown in FIG 4(d), the polycrystalline semiconductor layer 42 formed by 
polycrystalline SiGe or polycrystalline Ge, and the multi band gap photovoltaic material 
of the polycrystalline Si layer 43 are formed. 

Next, as shown in FIG 4(c), a p-type a-Si layer 7 is formed by plasma CVD, 
and as shown in FIG 4(f), a p-type polycrystalline Si layer 44 is formed by a solid 
growth method. The p-type polycrystalline Si layer 44 has -10 Q/piece as sheet 
resistance. 

FIG 5 shows collection efficiency of a photoelectric clement (A) using a multi 
band gap photovoltaic element according to the present invention. For comparison, 
collection efficiency of a polycrystalline Si (single crystalline silicon) photovoltaic 
element (B) is shown. The collection efficiency of the photoelectric element (A) 
according to the present invention using the multi band gap photovoltaic element is 
higher than that of the c-Si photovoltaic element (B) in a long wavelength region of 
1000 nm or more, and has sensitivity at 1300 nm. As state above, the multi band gap 
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photovoltaic material is superior as a material for a solar battery. 

[Effect of the Invention] 

As mentioned above, amorphous silicon germanium or amorphous germanium 
is subjected to solid growth at low temperature. When the solid growth is reached at 
an amorphous silicon layer, a-Si is subjected to solid growth. The amorphous silicon 
is subjected to solid growth at low temperature that does not induce solid growth of the 
a-Si itself. Accordingly, the solid growth temperature can be lowered. 

Moreover, a substrate, a polycrystalline semiconductor layer formed by 
polycrystalline silicon germanium or polycrystalline germanium, and polycrystalline 
silicon can be formed in this order, and so a multi band gap photovoltaic element can be 
formed. 

4. Brief Description of the Drawings 

FIGS. 1(a) and 1(b) are cross-sectional views for showing a method for 
manufacturing a photovoltaic element according to the present invention. 

FIG 2 is a view for showing a relationship between an amount of Ge and solid 

growth possible temperature. 

FIG 3 is a cross-sectional view of a multi band gap photoelectric element 

according to the present invention. 

FIG 4(a) to FIG 4(f) are cross-sectional views for showing manufacturing 
method of the photovoltaic element shown in FIG 3 based on each process. 

FIG 5 is a view for showing characteristics of collection efficiency of a 
photovoltaic device according to the present invention, and the conventional 
photovoltaic element. 

1-Substrate, 2-First amorphous semiconductor layer, 3-Amorphous silicon 
layer, 21 ••First polycrystalline semiconductor layer, and 31-Polycrystalline silicon 
layer. 
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Amendment of Proceedings 

Heisei 3, January 16 

To Commissioner of the Patent Office 

1. Indication of the case 

Heisei 2 Patent Application No. 296438 

2. Title of the Invention 

Method for Manufacturing Photovoltaic Element 

3. The person who amend 

Relation between the person and the case: Applicant 
Name: (188) Sanyo electric Co., Ltd. 

4. Attorney 

Address: (T531) Meidai building 4F, Nakatsu 1-2-21, Kita-ku, 

Osaka-shi 

Name: (8521) Attorney Hiroshi TORD 
Tel: (Osaka) 359-1402 

5. Object for amendment 

Column of Detailed Description of the Invention in specification 

6. Contents of amendment 

1) The second page of specification, line 6, replace "300 to 800 nm" 

by"300to900nm". 

2) The second page of specification, line 13, replace "300 to 1100 nm" 

by "300 to 1200 nm". 

3) The third page of specification, line 17, replace "temperature 

lowered" by "temperature is lowered". 

4) The fourth page of specification, line 12, replace "a-SiG" by 

"a-SiGe". 

5) The sixth page of specification, line 10, replace "conducted" by 
"conducted.". 

6) The seventh page of specification, lines 14 and 15, replace "multi 
hand gap" by "multi band gap". 

7 



7) The seventh page of specification, line 17, replace "1.1 to 1-3 eV" 

by "0.9 to 1.1 eV". 

8) The seventh page of specification, line 18, replace "0.9 to 1.1 eV" 

by "1.1 to 1.3 eV'. 

9) The eighth page of specification, line 14 and the ninth page of the 

specification, line 7, replace "Q/piece" by "Q/O", respectively. 

10) The ninth page of specification, line 10, replace "photoelectric* by 

"photovoltaic". 
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